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Thesis abstract 
 There are several factors that influence the retention of soil organic carbon (SOC) 
and total soil nitrogen (TSN) including soil texture, climate, slope length and gradient, and 
current and past land-use. The purpose of this study was to compare by land use the 
retention of SOC and TSN on sloping landscapes. Two separate paired sites were used in 
the study, one a forest and cropland on a loess-derived Alfisol in Southern Illinois and the 
other a prairie and cropland on a Mollisol derived from loess over glacial till in Western 
Iowa. Tree ring data suggest that the forested site has been intact for about 70 years, 
although part of the site was used for grazing for a period. A monument marker at the prairie 
site suggests the location has not been farmed since at least 1946 and states that it has 
never been plowed; however it may have been used for grazing. The croplands at both sites 
utilized no-till management and a corn-soybean rotation. SOC and TSN concentrations of 
several layers and landscape positions were determined to a depth of 1m at the Iowa sites 
and 0.75 m at the Illinois sites due to the presence of a root-restricting fragipan layer. Fly 
ash was used as a tracer for physical erosion and levels were determined to a depth of 30 
cm for all sites. In Iowa the prairie site had much higher SOC and TSN levels than the 
cropland at all landscape positions but the toeslope. This difference was seen throughout 
the full 1 m sampling depth. In Illinois the forest site showed less statistical difference, with 
the shoulder and lower backslope being the only positions with more SOC stock than the 
cropland. Again the lowest section of the landscape had more SOC in the cropland. Most of 
the difference in the forestland was seen in the upper 15 cm. TSN levels for the Illinois sites 
showed little difference except in depositional areas where the cropland had higher levels. 
Results suggested that the conversion of prairie to agriculture resulted in a 51% loss of the 
SOC, a 38% loss of the TSN, and a 37% loss of fly ash across all landscape positions and 
depths. The cropland of the Illinois site retained about 90% of the SOC, 100% of the TSN, 
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and 54% of the fly ash of the forestland. It was also estimated that conversion of the forest 
or prairie to cropland would result in the release of 44.6 Mg CO2/ha and 168.7 Mg CO2/ha 
respectively. If climate change continues to push warmer temperatures north and forests 
and prairies are converted to cropland the results suggest that soil erosion will increase and 
SOC stock will decrease in the soil even with the use of no-till management. 
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Introduction 
 Soil is estimated to contain more carbon (C) than the atmosphere and living biota 
combined and there is an estimated 1,500 Gt of C in the upper one meter of the soil profile 
alone (Bernoux et al., 2001; Bruce et al., 1999; Johnson and Henderson, 1995; Le Quere et 
al., 2009; Murty et al., 2002; Poeplau and Don, 2013; Post and Kwon, 2000). This also 
means, however, that soil has a great potential for CO2 emissions (Murty et al., 2002; Wang 
et al., 2004). Previous research has found that when land-use is converted from forest or 
prairie to agriculture there can be losses up to 20% to 30% of soil organic carbon (SOC) 
and total soil nitrogen (TSN) in the upper 2 m of the soil profile. Most of the losses occur in 
the first 20 years following cultivation (Ellert and Gregorich, 1996; Gregorich et al., 1998). In 
the upper 20 cm that figure extends up to 50% SOC reduction if you extend the time frame 
to 50 years. This is primarily due to soil erosion, reduced residue inputs, and increased 
rates of decomposition (Houghton, 1995; Olson et al., 2011; Post and Kwon, 2000; 
Rasmussen and Parton, 1994). While the high planting rates of corn do have the potential 
to add to residue inputs, the residues often don’t remain in the field and corn is not always 
planted continuously. 
 Tillage from agriculture breaks up the soil aggregates and makes them more 
susceptible to wind and water erosion. Different tillage methods disturb the surface layer to 
differing degrees, which in turn affects aggregate sizes and ease of soil transportation by 
wind or water. Additionally the aeration that occurs as a result of tillage promotes the 
oxidation of SOC to CO2 (Olson et al., 2011). As of 1994, tillage processes on agricultural 
lands were estimated to account for 16% of CO2 emissions in the US (Kern, 1994). 
Conversion from forest or prairie to agriculture also leads to a change in the vegetative 
cover. Rather than perennial vegetation there are annual row crops which provide less 
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ground cover than trees or grasses. Reduced vegetative cover leads to increased erosion 
and leaching rates (Daniel et al., 1996; Kirchmann et al., 2002; Sharpley, 1985). Roughly 
70% of eroded SOC is redistributed elsewhere on the landscape, 20% goes into the 
atmosphere as CO2 or particulate matter, and 10% ends up in water sources with 
sedimentation (Lal, 1995; Lal, 2003). 
 On sloping terrain tillage can be a major cause of erosion for agricultural areas. In an 
attempt to monitor physical soil erosion fly ash has previously been used as a tracer in 
several studies (Hussain et al., 1998; Olson et al., 2006; Olson et al., 2013). Fly ash 
consists of spherical magnetic particles that were previously emitted from coal burning 
power plants, trains, and farm equipment. These particles persist in the soil and are easily 
identifiable and separable by their spherical shape and magnetic susceptibility. As such, 
changes in fly ash content are believed to be a good estimator of soil erosion that has taken 
place since approximately 1910 when coal-burning locomotives became common place. 
 Due to increasing concerns over climate change there have been numerous studies 
on the retention of SOC in various temperature regimes and land-uses. The methods and 
results of these studies have been highly variable. Oftentimes the sampling depths of SOC 
studies are limited to surface soils which neglects the potentially large quantities of SOC 
stored at depth within a soil profile. In order to advance current understanding of land-use 
change impacts on SOC and soil erosion studies must continue regarding the levels of SOC 
and erosion under different land-covers. The purpose of this study is to examine how land-
use affects the retention of SOC, TSN, and fly ash in the surface soils, subsoils, and 
combined profiles for two separate sloping landscapes. One site compares a temperate 
forest and cropland in Southern Illinois and the other looks at a temperate grassland and 
cropland in Western Iowa. An additional objective of the study is to estimate the amount of 
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CO2 that could potentially be released as a result of land conversion. The final objective is 
to contribute data for native remnant tall-grass prairies which can potentially be used as a 
reference in other land-use change studies. 
 We expect that the forest and grassland treatments will have retained significantly 
greater levels SOC, TSN, and fly ash at all landscape positions and depths. An exception to 
this may be seen in depositional areas of the cropland treatments which should have more 
SOC, TSN, and fly ash as a result of erosion of surface soils from up slope. We expect that 
this difference will be seen throughout the full sampling depth, however it is expected that 
most of the significance for the forested site will be the result of differences in the upper 15 
cm of the soil profile due to contributions from leaf litter and the presence of a root 
restricting fragipan layer. 
  
Lab Methods 
 The two sites involved in the study had slightly different sampling schemes. Specific 
information on the sampling schemes can be found in the site description and sampling 
procedure sections for each of the study sites. Prior to lab testing all samples were air dried 
for several weeks and then crushed to pass a 2 mm sieve. 
 SOC was determined using a modified version of the Walkley-Black wet oxidation 
method, procedure number 6A1 (Soil Survey Staff, 2004). TSN was determined using a 
diffusion modified semi-micro Kjeldahl method, based on procedure number 6B1 (Soil 
Survey Staff, 2004). Kjeldahl N has been shown to be consistent with N by combustion 
expect in soil samples with high levels of fixed ammonium, nitrites, or nitrates. The larger 
sample size used in the Kjeldhal method allows for a more uniform sample when compared 
to N by combustion (Carter and Gregorich, 2007). In both cases each sample was analyzed 
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in duplicate and the data averaged. Fly ash testing was completed at Moscow State 
University (Russia) using a modified Gouy balance and methods developed by Olson et al. 
(2002, 2003). 
 Soil texture and pH were also determined for each treatment, depth, and landscape 
segment. Texture was determined using a modified version of the pipette method, 
procedure 2.4.3.4 (Gee and Or, 2002). Soil pH was determined using a VWR B10P 
Benchtop Meter and a 2:1 solution of water:soil. The texture and pH results were in 
alignment with the official series descriptions, and can be found in the appendix. 
 Statistical analysis was done using SAS version 9.4. T-tests were used to compare 
the different positions and depths of the two land-use treatments. The Wilcoxon rank sum 
test was used for any data that were not normally distributed. ANOVA was used to compare 
the different landscape positions within a treatment and for the fly ash analysis using proc 
GLM with Fisher's LSD test to determine the differences between positions. The 
relationships between SOC levels and depth were compared using a logarithmic regression. 
In all instances an alpha of 0.05 was used to declare significance.  
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Chapter 1 
Land-Use Change Effects on Soil Organic Carbon, Total Soil Nitrogen, 
and Soil Erosion in a Temperate Forest 
 
Introduction 
 Land-use in the Midwestern United States has changed considerably since 
settlement in the early to mid-19
th
 century. In Illinois alone there was a drastic shift away 
from forest and prairie to agricultural land. In 1820 the state of Illinois was estimated to be 
38% forest and 59% prairie. By 1980 the state was over 80% cropland, 10% forest and 
virtually no prairie (less than 0.01%) (Anderson, 1970; Iverson, 1988; White, 1978). As of 
2000 the land cover of Illinois had not changed much with minimal gains of forestland to 
11.5% and cropland remains roughly 80%, 11.5% of which was classified as rural 
grassland. 
 Murty et al. (2002) conducted a literature review on forest to agriculture land-use 
change and found that of the 29 sites that measured both C and N rates and accounted for 
changes in bulk density, there was a loss of 27.0% (± 4.6%) and 15.8% (± 5.5%) for C and 
N respectively. Losses in C and N were correlated (R
2
 = 0.70), but the rate of change for C 
was greater than that of N which suggests that C:N ratios change with land-use. C:N ratios 
were lower in agricultural lands (Murty et al., 2002; Zheng et al., 1999) due to decreased 
residue inputs and increased N fertilizer additions. Islam and Weil (2000) found that C:N 
ratios did not vary across the land-use types that they used in their work. They found that 
over the long term, microbial activity slowed down in the cultivated areas and this allowed 
the C:N ratios to stay similar despite different rates of organic matter additions and losses 
between land-use types. 
 The results of land conversion SOC studies have been highly variable and often only 
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examine SOC in surface soils. There is a need for more data from land-conversion studies 
so that the variability that has been seen can be narrowed down. The purpose of this study 
was to examine how SOC, TSN and fly ash are impacted by land-use change from a 
temperate forest to cropland on a sloping landscape. We expect that the forested site will 
have retained higher levels of SOC, TSN, and fly ash in all landscape positions except for 
the depositional areas. The bulk of this retention might be in the surface soils of the forested 
site as the result of litter decomposition, but we still expect that the full 75 cm profile will be 
significantly greater for the forest plot. In depositional areas the cropland might see a 
buildup of eroded surface materials from up slope giving these areas greater SOC, TSN, 
and fly ash levels than the forested site. 
 
Site Description and Sampling Procedure 
 The study site is at Dixon Springs, Illinois in the southern part of the state and the 
western portion of Shawnee National Forest. The mean annual temperature for the area is 
14.6 
o
C (58.2 
o
F) and the mean annual rainfall is 125.2 cm (49.3 in). Two treatments were 
compared, a crop site at the Dixon Springs Agricultural Center and a forested site about 4.8 
kilometers south near Roland Cemetery (see figure 1.1) both of which are on sloping 
landscapes. Table 1.1 shows the landscape profile descriptions for both plots. The cropland 
plot is on Grantsburg silt loams and silty clay loams with slopes ranging from 2% to 12%. A 
corn and soybean rotation under no-till management has been in place at the cropland plot 
since 1989, prior to that conventional tillage methods were used. The forest plot is mainly 
on Grantsburg soils with Wellston soils in the lower portions of the slope. Slopes for this site 
ranged from 5% to 14%. The forested site does have a history of disturbance as the stand 
was harvested around 1900 and it is believed that the lower portion of the landscape was 
used for grazing for a period after that. It is estimated that the forested area has been intact 
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for about 70 years based on tree ring data from the forest stand.    
 The soil sampling scheme followed a similar set up as was used by Olson et al. 
(2011) and consisted of three parallel transects running down a soil catena for each plot. 
The distance between the three transects was 10 m. The transect lengths were 70 m and 
90 m for the cropland and forest plots respectively. Each transect was sampled at the 
interfluve (IF), shoulder (SH), upper backslope (UBS), lower backslope (LBS), upper 
footslope (UFS), and lower footslope (LFS) positions. Figures 1.2 and 1.3 show cross 
sections of the transects for each site. Two core samples were collected from each location 
using a tractor mounted probe in the crop plot and a hand probe in the forest treatment. Due 
to the presence of a strong root restricting fragipan layer the sampling depth was limited to 
0.75 m. The soil cores were taken from the top of the mineral soil and did not include any 
surface litter. One of the two soil cores was divided into 6 segments: 0 – 7.5 cm, 7.5 - 15 
cm, 15 – 30 cm, 30 – 45 cm, 45 – 60 cm, and 60 – 75 cm. The second core was collected to 
a depth of 30 cm and was used for fly ash testing. A spiral transect was also completed at 
the summit of the forested site for use as a reference for the fly ash content in the other 
landscape positions. The spiral sample consisted of twelve cores taken to a depth of 30 cm. 
 Bulk density samples were collected from the same locations and depths using a 
Model 0200 Soil Core Sampler manufactured by Soil Moisture Equipment Corp. The inner 
dimensions of the sampling ring were 5.4 cm by 6 cm. The bulk density samples were oven 
dried at 110
o
 C for 48 hours prior to weighing for bulk density determination.  
 To determine the vegetative cover of the forested site, a tree survey of the stand was 
completed in June of 2013. Variable radius plots were used for the survey. The stand was 
approximately 3.5 hectares and 16 plots were distributed randomly along three transects 
spanning the stand. A 20 basal area factor prism was used and trees that were within the 
plot and >2” diameter at breast height (DBH) were tallied by species and DBH was 
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recorded. For trees >12” DBH heights were also obtained. The stand was dominated by 
Eastern red cedar (Juniperus virginiana), red oak (Quercus rubra), and elms (Ulmus spp.). 
Table 1.2 gives the stocking details from the survey. 
 
Results 
Soil Organic Carbon 
 The SOC concentrations for both plots are shown in table 1.3. Five of the six 
landscape positions for the forest plot had more SOC in the surface layer than did the 
cropland plot. In general, the other depths were not significantly different between the two 
plots. The exception to this was the LFS of the cropland which had more SOC than the 
forest to a depth of 30 cm. 
 Bulk density data were used to convert the SOC concentrations into mass estimates 
for each layer. Table 1.4 and figure 1.4 show the SOC mass for the surface (upper 15 cm), 
subsurface, and full 75 cm profile for each landscape position. The forest plot contained 
more SOC in the surface layer of the SH, UBS, and LBS while the cropland plot had more in 
the surface of the LFS. The subsurfaces of both treatments were not significantly different. 
The only landscape positions that were significantly different for the full 75 cm were the SH 
and LBS for the forest plot and the LFS for the cropland plot. Across all landscape positions 
the cropland plot had an average of 51.1% (SE ± 1.8%) of the total SOC in the upper 15 cm 
of the profile. The forest plot had an average of 57.1% (SE ± 2.5%) of the SOC in the upper 
15 cm. 
 Figure 1.5 shows the relation between SOC and depth across all landscape 
positions for both treatments. The correlation was stronger for the cropland treatment as 
compared to the forest (R
2
 of 0.70 vs. 0.58). Below 30 cm SOC in the forest treatment was 
more variable than that of the cropland which could account for the weaker correlation for 
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the forest plot. You can also see that ratio of SOC in the upper surface (0-7.5 cm) to the 
lower surface (7.5-15 cm) was much wider for the forest treatment than for the cropland. 
 Since both sites had different transect lengths SOC mass was also weighted by 
landscape segment length in order to compare SOC mass across the full catena for each 
treatment. This information can be found in table 1.5. As was seen in the previous data, 
there was not much difference between the two sites. A conversion to agriculture for the last 
70 years has resulted in 10% less SOC (6.2 Mg C/ha (SE ± 2.8)), assuming that both sites 
had similar SOC levels upon conversion. This equates to a loss of 0.09 Mg C/ha/year (SE ± 
0.04) for the past 70 years. 
 
Total Soil Nitrogen 
 Table 1.6 shows the TSN concentrations for both treatments. Unlike SOC, the TSN 
levels were higher in one or more layers of the cropland treatment. The forest treatment did 
have a higher TSN concentration in the upper 7.5 cm of the UBS and LBS. For the most 
part, however, there was not much difference in TSN for any depth or landscape position. 
 When bulk density is factored in the cropland treatment was the only site that had 
significantly higher TSN mass (see table 1.7) for any location or depth. The upper 15 cm of 
the LFS and subsurface of the IF were significantly higher for the cropland. The only 
landscape position that showed significance for the full 75 cm profile was the LFS of the 
cropland. 
 TSN was also weighted by segment length in order to compare the retention and 
loss between the soil catenas at both sites (table 1.8). The only segment that had a higher 
amount of TSN was the IF in the cropland that had 178% more TSN. However, the entire 
cropland catena only had 0.2% (SE ± 30%) more TSN (0.9 Mg N/ha (SE ± 0.35)) on 
average. On a yearly basis this comes out to a gain of 0.013 Mg N/ha/year (SE ± 0.005) for 
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the last 70 years, assuming TSN levels were similar upon time of conversion. 
 TSN and SOC were linearly correlated with an R
2 
= 0.72 and 0.57 for the forest and 
cropland respectively (see figure 1.6). Similarly, figure 1.7 shows that the rate of change of 
SOC and TSN were also correlated between these sites (R
2
 = 0.70).  This figure suggests 
that SOC was lost at a higher rate than TSN. For example, when TSN showed no change 
SOC showed a rate of change of roughly -18%. Over time this would cause the C:N ratio to 
become narrower and this was reflected in the C:N ratios that were measured for both 
treatments. The C:N ratios of the forest treatment ranged from 9:1 to 12:1 with an average 
of 11:1 across all landscape positions and depths. The cropland treatment ranged from 7:1 
to 11:1 with an average of 8:1 across all positions and depths. 
 
Fly Ash 
 Table 1.9 shows the mass of fly ash that was measured for both treatments and the 
spiral transect, which was used as a reference for fly ash levels. The only landscape 
positions that had significantly different fly ash masses from the spiral were the UBS, UFS, 
and LFS of the forest treatment. When compared to the spiral transect the cropland had 
11% (SE ± 10%) higher fly ash levels on average across all landscape positions. The 
forested site had 71% (SE ± 23%) more fly ash across all landscape positions compared to 
the spiral reference. The cropland IF was the only location to have less fly ash (-35%) than 
the reference. 
 When weighted for segment length, the conversion to cropland resulted in the loss of 
approximately 46% (SE ± 24%) of fly ash over the last 70 years, or 13.1 g/m
2 
(SE ± 1.5) 
compared to the forested landscape (see table 1.10). This equates to a loss of about 0.188 
g/m
2
/year (SE ± 0.02) across all landscape positions and again assumes that the fly ash 
levels were similar upon the time of initial land-use conversion. The landscape segments 
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that had the largest difference between the two sites were the UFS and LFS of the 
cropland, which had about 64% and 77% less fly ash respectively. The IF and SH of the 
cropland had 54% (1.3 g/m
2
) and 47% (1.3 g/m
2
) more fly ash than the forested site 
respectively. However this was largely due to the weighted length of the IF and SH 
segments for the cropland site. 
 
Discussion 
 We hypothesized that the forest treatment would have higher levels of SOC in each 
of the upslope landscape positions and that this would be most pronounced in the surface 
layers. The LFS of the cropland treatment and the SH and LBS of the forest plot were the 
only landscape positions that behaved as expected for the full profile depth. We did see 
higher SOC levels in the surface layers of most of the upslope positions which is most likely 
due to the slow incorporation of decomposing litter into the mineral soil (DeGryze et al., 
2004; Jandl et al., 2007).  
 While there was not a drastic accumulation of SOC in depositional areas, there was 
some accumulation at the cropland site. Recent research has suggested that the 
accumulation of sediments in lower slope positions can have benefits (Bajracharya et al., 
1998; Doetterl et al., 2012; Olson et al., 2011; Van Oost et al., 2012; Wang et al., 2001). 
Doetterl et al. (2012) found that the stabilization from the subsoil resulted in eroded 
landscapes storing up to 10% more C than non-eroded landscapes. However, when 
compared to the spiral transect in our study site it appears that most of the fly ash buildup in 
the LFS was only in the surface soil and not buried deeper in the subsoil. SOC and TSN 
behaved similarly and as such this accumulation is not well protected from erosion, 
oxidation, and mineralization.  
 The lack of difference in subsurface SOC was somewhat surprising since research 
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has shown that the root contributions to SOC can outweigh litter decomposition 
contributions (Rasse et al., 2001). However other research has shown no difference in 
subsoil SOC between several land-use types including forestland and agriculture (DeGryze 
et al., 2004). There are several factors other than the current land-use management that 
could account for our results not being fully what we expected. One possibility is that the 
forested site experienced severe erosion between the time that it was harvested and was 
once again reforested. If this happened the SOC rich surface soil would have been lost on 
parts of the landscape and it could take a great deal of time for new surface litter to be 
decomposed and translocated to deeper depths within the profile. It is also possible that the 
fragipan layer caused a perched water table which could inhibit root growth in deeper parts 
of the soil profile. Another speculation is that the trees are effectively storing the C within 
their woody biomass and therefor limiting C transfer to the soil. A recent study by Mobley et 
al. (2015) found that secondary growth forests can have the potential to alter 
biogeochemical and hydrological processes deeper in the soil profile. This in turn can 
increase microbial activity and the depletion rate of soil organic matter essentially mining 
the sub-soil of organic matter. 
Based on the estimates of Lal (1995, 2003) and Gregorich et al. (1998) the 
conversion of the Dixon Springs forestland site could result in the loss of roughly 20%, or 
12.2 Mg C/ha, of the SOC to the atmosphere (see table 1.11). This would be the equivalent 
of 44.6 Mg CO2/ha potentially being released. Additionally, 10% of the SOC, approximately 
6.1 Mg C/ha, would be transported to surface waters. These estimates assume that the 
forested site did not lose most of its SOC when it was harvested around the turn of the 20
th
 
century. 
 TSN did not behave as was expected except for the larger amount seen in the LFS 
of the cropland site. SOC was correlated with TSN at both sites which is expected since N 
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is an important component of the enzymes that microbes need to utilize SOC. As was seen 
by Murty et al. (2002) and Zheng et al. (1999) the C:N ratios for the forested site were wider 
than those seen in the cropland. This is generally attributed to the additions of N fertilizers in 
agricultural sites and the narrower C:N ratios of crop residues compared to forest floor litter. 
While the C:N ratios were narrower in the cropland treatment it should be noted that N was 
not particularly limited at either site. 
 Similar to SOC and TSN the fly ash results were not quite as expected. Even so, 
they do show that the forested site was better at retaining soil in the lower portions of the hill 
slope. The spiral transect was located on what should have been the most stable portion of 
the landscape. The fact that the spiral transect had similar levels of fly ash as the upslope 
positions in both treatments supports the idea that either both landscapes are very stable or 
that the forested area experienced heavy erosion at some point. It would not be unusual for 
heavy erosion to have occurred as newly deforested areas have been shown to have higher 
soil erosion rates than cultivated areas (Mohammad and Adam, 2010). Additionally, in a 
stable landscape we would expect to see some subsoil C storage especially in the 
depositional areas. It does appear that the forested site is better at retaining fly ash in the 
lower portions of the hill slope; however the wide variance that was seen at each location 
prevented any statistical difference between landscape positions within a treatment. A 
comparison of the rate of change of fly ash and SOC showed poor correlation while the 
change in SOC was correlated with change in TSN. This could suggest that SOC levels are 
impacted less by erosion than by microbial activities for these particular landscapes. 
 
Conclusion 
 When forests are converted to agricultural use soil erosion, oxidation, and respiration 
deplete the SOC stocks that are stored below ground. At the Dixon Springs site in Southern 
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Illinois the conversion of forest to agriculture for the last 70 years has resulted in 10% less 
SOC, 0.2% more TSN, and 46% less fly ash across all landscape positions and depths. In 
general any significant changes in SOC or TSN masses were only in the upper 15 cm of the 
soil profile. It should be noted that this study focused only on the level of organic C present 
in the soil and did not include C from above or below-ground plant biomass when 
comparing the two landscapes. 
 There have been a wide range of results reported on the impacts of conversion from 
forest to agriculture on SOC and TSN. Murty et al. (2002) calculated an average loss of 
27% soil C and 15% of soil N in a review of several studies examining conversion from 
forest to agriculture. In this review SOC levels ranged from a 72% loss in a landscape in 
Southeastern USA (Giddens, 1957) to a gain of 49% in a tropical forest converted to 
banana cultivation (Nye and Greenland, 1960). Olson et al. (2011) conducted a study on 
sloping landscapes in Northwestern Illinois and found that a conversion from forest to 
agriculture resulted in a 48% loss of SOC.  
The SOC losses seen in this study were less than what has been seen in many 
previous land conversion studies. The lack of significant difference in this study could be the 
result of poor timber harvesting methods and land management after the area was cleared 
of timber. However, given the high variability that has been seen in previous research it is 
not surprising that our results were somewhat lower. Even slight variations in the major soil 
forming factors (climate, organic activity, topography, parent-material, time, or 
anthropogenic influence) can affect the nutrient cycling and soil erosion of a given 
landscape. Given the current variability seen in SOC retention studies and the rising 
importance of greenhouse gas (GHG) reduction it is important that we continue to  
investigate the impacts of land-use change in an effort to better understand the potential for 
soil C storage, retention and loss. 
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Figures and Table 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1 Map of the study sites near the Dixon Springs Agricultural Center in Southern 
Illinois. 
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Figure 1.2 Transect cross section for the cropland site. 
Figure 1.3 Transect cross section for the forest site. 
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Figure 1.4 SOC mass (Mg/ha) in the (a) surface (0-15 cm), (b) 
subsurface (15-75 cm), and (c) combined soil profiles (0-75 cm). 
A (*) indicates that a treatment is significantly higher for that 
position and depth. 
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Figure 1.5 Relation between SOC and depth across all landscape positions for both sites. 
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Figure 1.6 Relation between average SOC and TSN for both treatments. 
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Figure 1.7 Relation between the rates of change of SOC and TSN that resulted from land-use 
change from forest to agriculture. The dashed line is a 1:1 reference. 
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Chapter 2 
Land-Use Change Effects on Soil Organic Carbon, Total Soil Nitrogen, 
and Soil Erosion in a Temperate Grassland 
 
Introduction 
 Temperate grasslands are one of the most converted and least-protected biomes 
worldwide (Hoekstra et al., 2005). Samson and Knopf (1994) estimated a decline of tall-
grass prairies in North America of 82-99% since the time of settlement. Historically, the state 
of Iowa is said to have had some of the most expansive tall-grass prairies in North America, 
with estimates of roughly 12 million hectares of this land-cover type (Samson and Knopf, 
1994). At the time of initial settlement in 1833 Iowa was roughly 80% grassland and 20% 
forest/savanna, but by 1910 agriculture dominated 97% of the landscape (Iowa Department 
of Agriculture, 1900-1947; Smith, 1998). The most recent estimates suggest that Iowa has 
lost 99.9% of the tall-grass prairies it once had (Samson, et al., 1998; Wright and Wimberly, 
2013). 
 According to a literature review conducted by Jones and Donnelly (2004), temperate 
grassland soils are typically found to be a sink for C. Soils in North American temperate 
grasslands have been show to sequester anywhere from 0.2 Mg C/ha/yr to 0.58 Mg C/ha/yr 
(Bruce et al., 1999; Conant et al., 2001). Results from studies that looked at SOC losses 
attending conversion of grasslands to croplands have also been quite variable ranging from 
no change in SOC at all (Wang et al., 2008) to roughly a 60% SOC loss for cropland (Guo 
and Gifford, 2002). 
 The high variability that exists in land-use SOC studies shows that there is a need 
for more research of this type. The purpose of this study was to examine how SOC, TSN 
and fly ash are impacted by land-use change from a temperate grassland to a cropland on 
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sloping landscapes. The data gained from this study can contribute to SOC data of the 
increasingly limited remnant native grasslands. We expect that the grassland will have 
retained higher levels of SOC, TSN, and fly ash in all landscape positions except for the 
depositional areas. We expect that this difference will be evident in the surface soils and 
also in the subsoil to the full 1m sampling depth. In depositional areas the cropland might 
see a buildup of eroded surface materials from up slope giving these areas greater SOC, 
TSN, and fly ash than the grassland site. 
 
Site Description and Sampling Procedure 
 The study site is located at the Dinesen Prairie in western Iowa near the city of 
Harlan (Figure 2.1). The mean annual temperature for the area is 8.6 
o
C (47.6 
o
F) and the 
mean annual rainfall is 84.7 cm (33.4 in). Two treatments were used, prairie and agriculture, 
both on sloping landscapes. A monument marker at the prairie site suggests the location 
has not been farmed since at least 1946 and also states that the area has never been 
plowed. However, the area was seeded with legumes at some point and is believed to have 
been used for grazing in the past. Presently, controlled burns are used to manage the 
prairie in years when weather permits and the area is generally mowed in the fall. In the 
crop plot a corn and soybean rotation and no-till management are used. 
 The plots were located adjacently with a south facing aspect. The prairie plot is on 
Marshall silty clay loam with slopes ranging from 5% to 14%. The summit of the crop plot is 
on Marshall silty clay loam but the majority of the catena is on Exira silty clay loam with 
slopes ranging from 5% to 14%. Table 2.1 shows the landscape profile descriptions for both 
plots. 
 The soil sampling scheme followed a similar set up as was used by Olson et al. 
(2011) and consisted of three parallel transects spaced 10 m apart running down a soil 
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catena for each plot. Transects for the prairie plots were approximately 140 m in length 
while the crop transects were 130 m. Each transect was sampled at the summit (SU), 
shoulder (SH), upper backslope (UBS), lower backslope (LBS), footslope (FS), and 
toeslope (TS). Figures 2.2 and 2.3 show cross sections of the transects for each site. Two 
soil cores were collected at each location with a hand probe. The soil cores were taken from 
the top of the mineral soil and did not include any surface litter. One core was taken to a 
depth of 1 m and was divided into five intervals: 0 – 15 cm, 15 – 30 cm, 30 – 50 cm, 50 – 75 
cm, and 75 – 100 cm. A second core was gathered at each location to a depth of 30 cm for 
fly ash testing. The summit of the prairie site was assumed to be the most stable location of 
the landscape and was used as a reference when comparing the fly ash levels of other 
landscape positions. 
 Bulk density samples were collected from the same locations using a Model 200 Soil 
Core Sampler manufactured by Soil Moisture Equipment Corp. The inner dimensions of the 
sampling ring were 5.4 cm by 6 cm. The bulk density samples were oven-dried at 110 
o
C for 
48 hours prior to weighing for bulk density determination.  
 A plant survey was conducted on the prairie treatment in order to gain insight on the 
plant community that has been developing at the site. The survey took place in the late 
spring of 2014 and used a line transect and quadrat procedure as outlined by Elzinga et al. 
(1998). The results of the survey can be found in table 2.2. Smooth brome (Bromus inermis) 
accounted for 41% of the vegetative cover in the prairie. 
 
Results 
Soil Organic Carbon 
 The SOC concentrations for the prairie site were significantly higher than the 
cropland site for nearly all depths and landscape positions (see table 2.3). The only 
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exceptions to this were seen in the lowest layer of the FS (75-100 cm) and the two lowest 
layers of the TS (50-100 cm). 
 The SOC mass was determined using bulk density data. These results can be found 
in table 2.4 and figure 2.4. Again, the prairie site had drastically higher SOC levels than 
those of the cropland site for both the surface and subsoils in nearly all landscape positions. 
The only positions that were not significantly different were the subsurface and full profiles 
of the TS. Across all landscape positions an average of 33.6% (SE ± 4.7%) of the total SOC 
was located in the upper 15 cm of the profile of the cropland plot. The grassland plot had an 
average of 27.8% (SE ± 1.2%) of the SOC in the upper 15 cm. 
 Figure 2.4 shows the relationship between SOC and depth across all landscape 
positions for both treatments. For the Dinesen site the only treatment that showed any 
correlation between SOC and depth was the prairie (R
2
 = 0.53). This figure also suggests 
that the grassland still has significant levels of SOC to a depth of nearly 2 m. The poor 
correlation with depth seen in the cropland site (R
2
 = 0.11) is mainly the result of erosion 
and subsequent deposition causing high levels of SOC in the subsurface of the TS. 
 SOC was also weighted by landscape segment to account for the different transect 
lengths when comparing the treatments. When weighted by landscape segment length the 
grassland had more than double the SOC compared the cropland plot (see table 2.5). 
Following conversion to agriculture for the last 150 years the cropland site had 51% (SE ± 
13%) less SOC (116.4 Mg C/ha (SE ± 5.2)) than the prairie site, assuming that both sites 
had similar SOC levels upon conversion. This equates to a loss of 0.78 Mg C/ha/year (SE ± 
0.085) for the past 150 years. The UBS, LBS, and FS of the cropland had the largest 
differences in SOC with an average of 73% (SE ± 7%) less SOC than the grassland. 
Conversely the TS of the cropland showed a marginal 9% increase over the grassland. 
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Total Soil Nitrogen 
 The TSN concentrations and masses for the prairie treatment were higher in nearly 
every landscape position and depth (see tables 2.6 and 2.7 respectively). On a mass basis, 
the subsurface of the TS was significantly higher for the cropland but for the full depth of the 
TS the two treatments were not different. The prairie had significantly more TSN mass for all 
other locations and depths. 
 When weighted for segment length the cropland had 38% (SE ± 14%) less TSN 
mass following conversion despite having 24% more TSN in the FS (see table 2.8). This 
equates to loss of roughly 7 Mg N/ha (SE ± 0.5) in the 150 years since conversion. On a 
yearly basis the cropland lost 0.048 Mg N/ha/year (SE ± 0.003). 
 TSN was well correlated with SOC for both treatments (see figure 2.6). In fact TSN 
and SOC in the cropland treatment were nearly directly linearly correlated with an R
2 
= 0.99. 
The prairie plot had an R
2
 of 0.78. Figure 2.7 shows that the rate of change of SOC and 
TSN were also well correlated between these sites (R
2
 = 0.97). This figure suggests that 
SOC was lost at a higher rate than TSN. For example, when TSN showed no change SOC 
showed a loss of roughly 13%. Over time this would cause C:N ratios to become narrower 
and this was reflected in the C:N ratios that were measured for both plots. The C:N ratios of 
the prairie treatment were all around 12:1. The cropland treatment was slightly more 
variable ranging from 6:1 to 11:1 with an average of 9:1 across all landscape positions. 
 
Fly Ash 
 In general there was not much difference between the fly ash reference site (the 
prairie SU) and the other landscape positions of either treatment (see table 2.9). The only 
locations that showed significant differences were the LBS and FS of the cropland which 
compared to the reference had 70% and 65% less fly ash respectively. When weighted for 
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segment length, the land conversion resulted in the cropland having roughly 37% (SE ± 
13%) less fly ash over the last 110 years, or 2.3 g/m
2 
(SE ± 0.2) (see table 2.10). This 
equates to a loss of about 0.021 g/m
2
/year (SE ± 0.001) across all landscape positions. The 
depositional area of the cropland did have higher fly ash levels. However the amount was 
negligible at 4% or 0.03 g/m
2
 over the last 110 years. Figure 2.8 compares the rates of 
change of fly ash and SOC for the Dinesen sites. Similar to TSN the fly ash rate of change 
was well correlated with the change in SOC (R
2
=0.87). Figure 2.8 shows that when there is 
0% fly ash loss there is a -39% rate of change for SOC suggesting that a large portion of 
the SOC lost cannot be accounted for by soil erosion alone. 
 
Discussion 
 As hypothesized, the prairie treatment had higher levels of SOC and TSN in each of 
the upslope landscape positions. While fly ash did not follow the hypothesis to the same 
degree, the grassland site did retain more fly ash than the cropland. The grassland 
essentially had the same level of SOC throughout the entire landscape profile. The prairie 
did show a slight SOC accumulation down slope however it was not statistically significant. 
The cropland on the other hand did show evidence of SOC accumulation in the depositional 
areas. The subsoil in the TS of the cropland site showed a large buildup 219 Mg C/ha of 
SOC compared to the 77 Mg C/ha than was seen in subsoil of the SU. The data suggest 
that much of this SOC accumulation was the result of erosion from the backslope portion of 
the hill slope which had 74% less SOC than the prairie. The large accumulation of SOC in 
the subsoil suggests that the depressional areas of the cropland are somewhat stable and 
capable of burying SOC at depth in the soil profile. 
 For all the grassland positions and the TS of the cropland there was still plenty of 
SOC present at the bottom of our 1 m sampling depth. The correlation between SOC and 
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depth that is shown in figure 2.5 suggests that the prairie could have significant amounts of 
SOC to a depth of 2 m. If this were the case then the SOC difference seen in the cropland 
site would have been far more than the 51% that was seen to a depth of 1m. 
 The SOC that was measured excludes above- and belowground plant biomass and 
the focus was only on soil's ability to retain organic C. While root biomass wasn't directly 
measured SOC is impacted by root contributions via exudates, root turnover, and 
decomposition (Barber and Martin, 1976; Barber, 1979; Rasse et al., 2005). Root exudates 
not only contribute nutrients to the soil directly, but they also help in the formation of soil 
aggregates. It has been suggested that aggregates form a physical barrier that protects 
SOC from decomposition (Dungait et al., 2012; Stockmann et al., 2013). Several long-term 
residue management studies and simulations suggest that the belowground portion of the 
plant increases SOC to a greater extent than does the above ground portion (Campbell et 
al., 1991; Molina et al., 2001; Rasse et al., 2005). Additionally it has been reported that tall-
grass species such as smooth brome (B. inermis), which comprised 41% of the surface 
cover for the Dinesen Prairie, can increase the SOC of a fallow field by as much as 17% 
(Jones and Donnelly, 2004; Lal et al., 1998). 
 Based on the estimates of Lal (1995, 2003) and Gregorich et al. (1998) the 
conversion of the Dinesen Prairie site could result in the loss of roughly 20%, or 46.1 Mg 
C/ha, of the SOC to the atmosphere (see table 2.11). This would be the equivalent of 168.7 
Mg CO2/ha potentially being released. Additionally, 10% of the SOC, approximately 23.1 Mg 
C/ha, would be transported to surface waters. 
 That lack of difference in fly ash levels between the reference location and most 
other landscape positions for either treatment could suggest that both sites experienced 
heavy erosion in the past or that both sites are relatively stable. The high level of 
subsurface SOC in all the prairie positions and the depositional area of the cropland 
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suggests that the landscape is relatively stable. Similar to the results of Manies et al. (2001) 
the linear portion of the backslope was the most erosive area of the hill slope. The Dinesen 
site lost an average of 62% (SE ± 1.2%) of the fly ash from the backslope and relocated it to 
depressional areas on the landscape following land conversion. Several studies have 
shown that there is a potential for nutrient and soil storage in depositional areas of 
agricultural landscapes (Bajracharya et al., 1998; Doetterl et al., 2012; Olson et al., 2011; 
Van Oost et al., 2012; Wang et al., 2001). It would appear that the depressional area of the 
Dinesen cropland is well suited for the burial of SOC rich soils deposited from up slope. 
There was still considerably less of SOC and fly ash across the full landscape profile 
despite the storage of soil and SOC in the depressional areas in the cropland. 
 
Conclusion 
 Nearly all native grasslands in North America have been converted to other land use 
types. This makes data from remnant native grasslands particularly important for 
comparisons in other SOC studies or rehabilitation efforts. When prairies are converted to 
agricultural use soil erosion, oxidation, and respiration deplete the SOC stocks that are 
stored below ground. Conversion of the prairie to agricultural land for the last 150 years has 
resulted in a 51% less SOC, 38% less TSN, and 37% less fly ash across all landscape 
positions and depths. These results are in alignment with several other studies that 
examined land-use conversion from grassland to agriculture. Guo and Gifford (2002) saw 
decreases in SOC approaching 60% across 97 observations of conversion of grassland to 
arable land. A study by Manies et al. (2001) compared SOC changes using the same 
Dinesen Prairie site with a cropland site in an adjacent county. The authors found a loss of 
roughly 50% SOC regardless of the landscape position. Conversely, Wang et al. (2008) 
conducted a study in temperate grasslands in Inner Mongolia and found only a slight, and 
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statistically insignificant, loss of SOC 35 years after conversion to agriculture. 
 Six et al. (2002) suggested that there is a need for determining the maximum C 
storing capacities of soil before we can create proper models for estimating soil C 
sequestration. The idea of maximum C storage, or C saturation, suggests that there could 
be a point at which a soil can no longer sequester additional C regardless of inputs 
(Hassink, 1997; Six et al., 2002; Stewart et al., 2007; West and Six, 2007). Oftentimes these 
studies focus on changes in the surface soils of agricultural areas and do not investigate the 
subsoil. It could be that the surface layer is continuously building SOC while simultaneously 
losing SOC to the subsoil via bioturbation and other pedogenic processes. In this situation it 
would appear as if the surface soil had reached a static level if the subsoil were to be 
ignored. 
 Regardless of the concept of C saturation it is clear that some grasslands can retain 
SOC deep within in the soil profile. The findings of this study suggest that some grassland 
soils have the potential to maintain high levels of SOC well beyond the depth of 1m. With 
the variability seen in SOC retention studies and the need for GHG reduction it is important 
that we continue to investigate the impacts of land-use change in an effort to better 
understand the potential for soil C storage. It is equally important that we work to protect the 
limited amount of existing remnant native grasslands from future conversion. 
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Figures and Tables 
 
 
Figure 2.1 Map of the Dinesen Prairie study sites near Harlan in Western Iowa. 
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Figure 2.2 Transect cross section for the cropland site. 
 
 
 
 
 
 
 
Figure 2.3 Transect cross section for the grassland site. 
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Figure 2.4 SOC mass (Mg/ha) in the (a) surface (0-15 cm), (b) 
subsurface (15-100 cm), and (c) combined soil profiles (0-100 
cm). A (*) indicates that a treatment is significantly higher for that 
position and depth. 
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Figure 2.5 Relation between SOC and depth across all landscape positions for both sites. 
 44 
 
Figure 2.6 Relation between average SOC and TSN for both treatments. 
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Figure 2.7 Relation between the rates of change of SOC and TSN that resulted from land-use change 
from prairie to agriculture. The dashed line is a 1:1 reference. 
Figure 2.8 Relation between the rates of change of SOC and fly in the upper 30 cm that resulted from 
land-use change from prairie to agriculture. The dashed line is a 1:1 reference. 
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Thesis Conclusion 
 Due to GHG emissions, many climate change predictions expect that temperature 
regimes in the northern hemisphere will shift to the north. This could make more forest and 
prairie areas suitable for conversion to agriculture and in turn increase erosion and CO2 
emissions from the soil. If temperature regimes do in fact shift farther north it is important 
that we continue to develop our understanding of potential consequences of land-use 
change, such as GHG emissions and soil degradation, so that we can more effectively and 
sustainably manage landscapes. Using the findings of Lal (1995, 2003) and Gregorich et al. 
(1998) we estimated the SOC loss and CO2 emissions if our forest or grassland sites were 
converted to cropland. Conversion of the forest could result in the release of 45 Mg CO2/ha 
while conversion of the grassland could lead to 169 Mg CO2/ha released to the atmosphere; 
the majority of which would occur within 20 years of conversion. 
 The findings of this study add to the diverse results that have been seen in SOC 
retention studies across different temperature regimes and land-use types. The paired sites 
that were examined in this research showed rather different results in SOC and TSN 
retention despite showing similar rates of soil erosion. We found that the cropland 
treatments retained 90% and 49% of the SOC, 100.2% and 62% of the TSN, and 54% and 
63% of the fly ash present in the forest and grassland treatments respectively. The high 
variability seen in this study and others similar to it demonstrates the necessity for further 
research of SOC dynamics and the impacts of land-use change. Suggestions for future 
research include examining impacts of land conversion to a depth of 2 m, examining how 
different fractions of C are impacted by land-conversion, and examining the contributions of 
root exudates and turnover to SOC for different land-use types. 
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